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Objectives: To compare the long-term cumulative risk of SARS-CoV-2 infection associated with natural and
vaccine-induced immunity.

Methods: Retrospective population-based cohort study based on registry of COVID-19 vaccinations and
SARS-CoV-2 infections among 9.1 million citizens of Lombardy, Italy, eligible for vaccination on 27th
December 2020. Those who developed SARS-CoV-2 infection from 24th May to 14th September 2021,

Is(zg?éﬁi;_z provided they did not yet receive the COVID-19 vaccine when infection was confirmed, and those who
COVID-19 received the second mRNA vaccine dose, provided they had not yet developed the infection, were selected
Immunity to be 1:1 matched for sex, age and index date. The latter corresponded to 90 days after confirmed infection

or 14 days after vaccine administration. A control cohort including citizens who, on the index date, had

neither developed infection nor received vaccination was also selected. Kaplan-Meier curves were used for

comparing the cumulative incidence of new SARS-CoV-2 infection from the index date until 22nd June

2022.

Results: Overall, 19,418 1:1:1 risk-sets were included. After 9 months of follow-up, the cumulative risk of

new SARS-CoV-2 infection was 21.8%, 22.0%, and 25.9%, respectively, among exposed to natural immunity,

vaccine-induced immunity and unexposed.

Conclusions: Equivalent potential for protecting against new SARS-CoV-2 infection was observed.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-

censes/by-nc-nd/4.0/).

Protective effect
COVID-19 vaccines

Introduction based study compared the risk of SARS-CoV-2 infection associated
with natural and vaccine-induced immunity.

Real-life evidence has consistently shown that both natural im-

munity acquired after SARS-CoV-2 infection [1-4]| and induced im-
munity acquired by anti-COVID-19 vaccines [5] have protective
action against SARS-CoV-2 infection. Nevertheless, few studies have
directly compared the protection given by natural and induced im-
munity, generating inconsistent findings [6-9]. This population-
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Methods

The vaccine integrated platform of Lombardy, an Italian region
accounting for about 11 million inhabitants, was used. Briefly, the
platform includes the vaccine registry collecting individual data on
the date, type, and dose of the dispensed vaccine; the registry of
patients with a confirmed diagnosis of SARS-CoV-2 infection; the
health registry, including updated data on vital status, sex, and age of
all beneficiaries of the Regional Health Service (RHS). A unique
anonymized individual identification code was used to link each
database with each other. Details of the platform and its use in the
setting of regional mass vaccination are reported elsewhere [10,11].

1876-0341/© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Graphical representation of the study cohort selection.

Starting from the cohort of 9.1 million RHS beneficiaries eligible
for vaccination on 27 December 2020 (target population), those who
developed SARS-CoV-2 infection for the first time, confirmed by
molecular testing of nasopharyngeal swabs, from 24 May to 14
September 2021 were identified. To select citizens exposed for the
first time to natural immunity only, those vaccinated before the date
of infection were excluded. Because a citizen must be considered at
risk of reinfection starting from 90 days after complete resolution of
the first infection, according to the U.S. Center for Disease Control
and Prevention guidelines [12], we labelled the date corresponding
to the first infection plus 90 days as the "index date.".

For each cohort member exposed to natural infection, a citizen
belonging to the target population was randomly selected to be 1:1
matched based on age and sex, provided that he/she received the
second-dose mRNA vaccine (Pfizer-BioNTech or Moderna) 14 days
prior to the index date (under the assumption that immunity is
achieved 2 weeks after receiving vaccination [13]). To select citizens
exposed to vaccine-induced immunity only, those who developed
SARS-CoV-2 infection prior to receiving the complete vaccine dose
were excluded. In addition, because differences in conferring pro-
tection was noticed for mRNA and adenovirus-based vaccines [11],
citizens who received adenovirus-based vaccines (Oxford-As-
traZeneca or Janssen) were excluded from our study. Finally, for each
matched pair of beneficiaries who had natural or induced exposure,
a citizen belonging to the target population was randomly selected
to be matched based on age and sex, provided that they were neither
infected nor vaccinated on the index date (Fig. 1).

Each cohort member of the 1:1:1 risk sets accumulated person-
years of follow-up from the index date until the outcome onset (i.e.,
SARS-CoV-2 infection established by positive PCR test to the SARS-
CoV-2 virus in any clinical setting regardless, of the presence of
symptoms) or censoring (i.e., death for any cause, migration from
Lombardy, administration of the first or the booster vaccine dose, or
the end date 22 June 2022), whichever came first. The cumulative
risk of infection was estimated using the Kaplan-Meier method. The
log-rank test was used to test homogeneity between groups. The
analyses were also stratified among strata of age. With the aim of
maximizing the study power, we decided to use the median age as
the cut-off to classify age.

Moreover, with the aim of assessing the protection of natural and
vaccine-induced immunity against Delta and Omicron variant, two
case-control studies were nested into the study cohort. In the first
one, each cohort member experiencing SARS-CoV-2 infection (case)
before 01 December 2021, thus likely caused by Delta variant [14],
was 1:1 matched based on index date, age and sex to one cohort
member (controls) randomly chosen among cohort members still on
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study and who did not experience SARS-CoV-2 infection at the date
of SARS-CoV-2 occurrence of the case. In the second one, each cohort
member experiencing SARS-CoV-2 infection (case) after 01 De-
cember 2021, thus likely caused by Omicron variant [14], was 1:1
matched based on index date, age and sex to one cohort member
(controls) randomly chosen among cohort members still on study
and who did not experience SARS-CoV-2 infection at the date of
SARS-CoV-2 occurrence of the case. In both nested case-control
studies, each individual was classified as belonging to one of the
following three mutually exclusive categories of previous exposure:
exposure to natural immunity, exposure to vaccine-induced im-
munity, no exposure to neither natural or vaccine-induced im-
munity. The association between exposure to natural or vaccine-
induced immunity, as compared to not exposure, was assessed by a
conditional logistic regression model and was expressed in terms of
0dds Ratios (OR) and 95% Confidence Intervals (CI).

The SAS statistical package was used for all statistical analyses
(SAS, version 9.4).

Results

The study cohort included 22,471 citizens exposed to natural
immunity. Among them, 19,418 contributed to form as many 1:1:1
sets of citizens who had experienced natural exposure, vaccine-in-
duced exposure, and no exposure. The mean age of the cohort was
32.6 years (standard deviation: 15.9 years) and 51.9% were male.

During a median follow-up of 4.9 months, 9738 new infections
occurred. The cumulative risk of developing a new infection is
shown in Fig. 2. The risk was similar between infected and vacci-
nated subjects, but it was considerably higher among controls
(p < 0.001). Among the latter, the risk steadily increased over time,
reaching a value of 25.9% at the end of follow-up. Conversely, the
trend of the cumulative risk among infected and vaccinated in-
dividuals was very similar, being negligible after the first month of
follow-up and increasing afterward, reaching values of 21.8% and
22.0%, respectively, at the end of follow-up. Similar patterns were
observed among the 9352 sets of citizens aged less than 30 years and
among the 10,066 sets of citizens aged 30 years or older (Fig. 3).

The association between natural and vaccine-induce immunity
and the risk of experiencing SARS-CoV-2 infection likely due to delta
or omicron variant is shown in Table 1. During the period in which
the delta variant was dominant, exposure to natural and vaccine-
induced immunity were associated with a reduction of the risk of
SARS-CoV-2 infection of 0.79 (95% CI 0.62-0.89) and 0.81 (95% CI
0.65-0.89), respectively (p-value of homogeneity of odds ratios <
0.001). During the period in which the omicron variant was
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Fig. 2. Cumulative risk of developing a new SARS-CoV-2 infection by exposure status.

dominant, the corresponding risk reductions were 0.17 (95% CI
0.11-0.23) and 0.18 (95% CI 0.13-0.23), respectively, (p-value of
homogeneity of odds ratios <0.001).

Discussion

Our study did not offer evidence that immunity due to SARS-
CoV-2 infection and that induced by complete (two-dose) anti-
COVID-19 vaccination act differently in conferring protection against
the risk of new SARS-CoV-2 infection. Conversely, both natural and
induced immunity offer significant protection when compared to
individuals who did not have COVID-19 immunity. These results are
consistent with a systematic review and pooled analysis, showing
equivalence of protection from natural immunity in COVID-19 re-
covered versus fully vaccinated individuals [15]. Similarly, a popu-
lation-based study conducted in Israel showed similar protection
conferred by previous SARS-CoV-2 infection and by the Pfizer-
BioNTech vaccine. However, these findings are limited by the short
follow-up period (three months), restricted to the first trimester of
2021, thus not including the spread of the most recent variants [8].
Conversely, a retrospective cohort study conducted in Israel showed
that individuals vaccinated with Pfizer-BioNTech had a 13-fold in-
creased risk of infection with the Delta variant, as compared to un-
vaccinated previously infected individuals [7]. Even in this case, the
period of ascertainment of the study outcome was limited to three
months.

Although the observed cumulative risk of infection was rela-
tively high among citizens exposed to natural and induced im-
munization (about 20% within 9 months of follow-up), it should be
noted that the study period included the emergence of the
Omicron variant, which is known for having numerous mutations
with the potential to increase transmissibility and partially escape
natural or vaccine-induced immunity [16]. Indeed, our results
showed that the protection conferred to natural and vaccine-

1139

induced immunity was lower during the period in which Omicron
was the dominant variant, as compared to the period in which
Delta was the dominant variant. This result may be due, at least in
part, to the higher median time elapsed from 2 weeks after vac-
cination until SARS-CoV-2 infection occurred during the Omicron
period (94 days) as compared to the Delta period (51 days), and,
consequently, a higher waning of vaccine effectiveness among
cases occurred during the Omicron period. Nevertheless, our re-
sults are consistent with those reported in two large test-negative
case control studies comparing vaccine effectiveness against Delta
and Omicron variants, showing a vaccine effectiveness lower than
20% against Omicron variant starting from the third months after
vaccination with the second dose [17,18]. Finally, consistently with
the main analysis, an equivalent protection conferred by natural
and vaccine-induced immunity against infection was observed
during both periods during which Delta or Omicron were the
dominant variants.

This population-based study had the advantage of using pro-
spectively collected information on vaccination and SARS-CoV-2
infection for the entire Lombardy population, potentially eliminating
selection bias. Moreover, the long follow-up period (up to 9 months)
allowed to evaluate the long-term protection of both natural and
vaccine induced immunity, taking into account the waning of pro-
tection over time. Finally, to our knowledge, this is the first popu-
lation-based study which directly compared the cumulative risk
(over time) of SARS-CoV-2 infection associated with natural and
vaccine-induced immunity.

The main limitation is that reinfection was first registered in Italy
starting August 24, 2021 [19]. Thus, we could not evaluate reinfections
before that date. Moreover, in this study the number of new SARS-
CoV-2 infections may have been underreported, because not all in-
dividuals in whom the infection occurred were tracked. However, it is
unlikely that the underreporting rate was different between previously
infected and vaccinated citizens, as well as between controls.
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Fig. 3. Cumulative risk of developing a new SARS-CoV-2 infection by exposure status, in individuals aged less than 30 years (panel A) and 30 years or more (panel B).

Table 1

Main effects of natural (previous infection) and vaccine-induced immunity on the Odds Ratio (OR), with corresponding 95% confidence interval, of a new SARS-CoV-2 infection
likely caused by Delta (cases occurred before December 2021) or Omicron (cases occurred after December 2021) variant.

Controls Delta cases Controls Omicron cases

N=167 N=167 N=9168 N=9168

N (%) N (%) OR N (%) N (%) OR
Unexposed to neither infection nor vaccine 39 (234) 115 (68.9) 1 (Reference) 2899 (31.6) 3377 (36.8) 1 (Reference)
Exposed to natural immunity (infection) 56 (33.5) 21 (12.6) 0.21 (0.11-0.38) 2460 (26.8) 2305 (25.1) 0.83 (0.77-0.89)
Exposed to vaccine-induce immunity 72 (43.1) 31 (18.6) 0.19 (0.11-0.35) 3810 (41.6) 3487 (38.0) 0.82 (0.77-0.87)
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